Introduction
Since late 1978, with the implementation of market-oriented economic reform, inward foreign direct investment (FDI) has been encouraged in China. As a consequence, foreign firms have been attracted by the huge domestic market and pool of relatively well-educated, low-cost labour, which has made China one of the most attractive destinations for FDI in the world. By the end of 2013, China had attracted a total of US$1.4 trillion in FDI inflows, making it the largest FDI recipient in the developing world.
What are the impacts of FDI on China's economic growth? It is expected that FDI brings into a host country a package of capital and firm-specific intangible assets and, as a result, it plays a positive role in the economic development process of a host country (Caves 1996; Dunning 1993; Markusen and Venables 1999; UNCTAD 1999 UNCTAD , 2004 . In the past three decades of remarkable economic growth, FDI has contributed greatly to China's economy in terms of capital formation, employment creation and export expansion (Chen 2011) . The main interest in this chapter is to investigate and identify empirically how FDI has contributed to China's regional economic growth.
Using a panel dataset containing China's 30 provinces 1 over the period 1987-2010, this chapter estimates an augmented growth model in which direct effects (for example, raising output and productivity through capital augmentation and technological progress) and indirect effects (for example, improving productivity and efficiency through spillover effects on the local economy) of FDI on China's regional economic growth are analysed. The chapter first examines the impacts of FDI on China's regional economic growth by using the full sample of China's 30 provinces. Then the chapter examines how the local economic and technological conditions of host provinces influence the extent to which FDI contributes to local economic growth by subdividing China's 30 provinces into different province groups based on their economic and technological conditions. The chapter finds that FDI has contributed to China's economic growth directly through capital augmentation and technological progress and indirectly through knowledge spillovers on the local economy. The chapter also finds that the contribution of FDI to economic growth is influenced by local economic and technological conditions. FDI has a stronger impact on economic growth through capital augmentation and technological progress in the developed provinces than in the less-developed provinces. While FDI has a positive and significant impact on economic growth through knowledge spillovers in the developed provinces, the positive knowledge spillovers of FDI on economic growth are absent in the less-developed provinces.
This chapter makes three contributions to the literature on the impacts of FDI on China's economic growth. First, the empirical specifications used in this chapter not only include direct effects of FDI, but also enable us to examine the spillover effects of FDI on China's regional economic growth. Second, by subdividing provinces into different groups in the estimations we can examine empirically how provincial differences in economic and technological conditions affect the extent to which the spillover effects of FDI contribute to provincial economic growth. Third, this chapter extends the period of the panel dataset to 2010, which is the most recent period in existing studies.
The structure of the chapter is as follows. The next section discusses the theoretical explanations of how FDI contributes to developing host countries' economic growth and presents a brief literature review on how the economic and technological conditions of a recipient economy influence the extent to which FDI contributes to economic growth. The third section sets out the framework of analysis and specifies the empirical model. The fourth section describes the variables and the data. The fifth section presents the results from the regressions and explains the estimation results. The final section provides the conclusion and policy implications.
FDI and economic growth: theory and literature
The role of FDI in economic growth has different explanations under different growth models. In the neoclassical growth models, which emphasise technological progress, the long-run growth can only be achieved by technological progress that is considered to be exogenous. Therefore, FDI as a source of capital input would only affect output growth in the short run. In the long run, under the conventional assumption of diminishing returns to capital inputs with a given technology, FDI would have no permanent impact on output growth. FDI, however, brings into the host country a package of not only capital, but also technology, production knowhow and management skills (Caves 1996; Dunning 1977 Dunning , 1993 , which are exogenous to the developing countries. Therefore, under the interpretation of the neoclassical growth models, a positive relationship between FDI and long-run economic growth in developing countries should be expected. In the new growth models, which emphasise the role of science and technology, human capital and externalities in economic development, FDI is treated as one of the factor inputs along with labour and domestic capital and is expected to promote growth in the long run.
To understand how FDI contributes to developing countries' economic growth, it is necessary to compare the different roles of FDI and domestic investment in the economic growth process. Domestic investment is a necessary condition for production growth and technical progress, but it may not enable a developing economy to take advantage of advanced technologies available in the developed world. FDI is different from domestic investment in three important aspects although both can be treated as a basic physical input in the production process.
First, FDI accelerates the speed of adoption of general-purpose technologies in the host countries. The general-purpose technologies are technological inventions that affect the entire system in the global economy. The most recent examples of general-purpose technologies include the computer, Internet and mobile phone. Each general-purpose technology is capable of raising the aggregate productivity of labour and capital, but it takes a considerable amount of time for all countries, especially developing countries, to explore its potential. The developed countries tend to be frontrunners in the adoption of general-purpose technologies and their experiences can be diffused through the developing economies through FDI (Yao and Wei 2007) .
Second, according to Dunning's 'ownership-location-internalisation' (OLI) explanation for FDI (Dunning 1977 (Dunning , 1993 , for multinational enterprises (MNEs) to have a strong motive to undertake direct investment aboard, they must possess certain ownership advantages. It could be a product or production process, like a patent or blueprint. It could also be some specific intangible asset or capability, like technology and information; managerial, marketing and entrepreneurial skills; organisational systems; or access to intermediate or final goods markets. The ownership advantage confers some valuable market power or cost advantage on the firm sufficient to outweigh the disadvantages of doing business abroad. In addition, MNEs must have an advantage of internalising business activities, and at the same time, the foreign market must offer a location advantage that makes it profitable to produce the product in the foreign country rather than simply produce it at home and export it to the foreign market. Therefore, FDI is embedded with new technologies, knowhow, management skills and other intangible proprietary assets and information unavailable in the host countries. Such advanced technologies will be able to shift the host country's production frontier to a new level so that the same amount of material inputs can lead to a higher level of output.
Third, the ability of MNEs to combine the three advantages implies that they should be able to outperform indigenous firms in production. FDI may generate positive spillovers to host countries' economic growth through three channels. First, FDI can generate horizontal positive spillovers to domestic firms in improving productivity through demonstration effect and competition, which may improve host countries' total factor productivity (TFP). Second, FDI can generate vertical positive spillovers by strengthening domestic industrial linkages through the client and supplier networks, which will improve the productivity of domestic firms in the upstream and downstream industries. Third, FDI can generate positive spillovers through passing information to host countries about international markets, best business practice and the advancement of global technological innovation, thus facilitating host countries to adjust to the changes in the world economy, increasing the competitiveness of domestic firms in global markets. Therefore, through the knowledge spillovers such as learning by doing or learning by watching (demonstration effects), research and development (R&D), human resource movement, training courses, vertical industrial linkages, technical assistance and exposure to fierce competition, FDI can generate spillovers to improve the productivity and efficiency of local firms, thus shifting the production frontier of a host country.
The role of FDI in economic growth has been extensively studied in the literature. In the case of China, for example, Chen et al. (1995) find that FDI has been positively associated with economic growth and the increase of total fixed investment in China. Dees (1998) finds evidence supporting the view that FDI affects China's growth through the diffusion of knowledge and ideas. More recently, Vu et al. (2008) , using sectoral FDI inflow data, evaluate the sector-specific impact of FDI on growth in China. The study finds that FDI has a statistically significant positive effect on economic growth, operating both directly and through its interaction with labour. The study also finds that the effects seem to be very different across economic sectors, with most of the beneficial impact concentrated in manufacturing industries. Tang et al. (2008) investigate the causal link between FDI, domestic investment and economic growth for the period 1988 to 2003. They find that FDI complements rather than crowding out domestic investment. As a result, FDI has not only assisted in overcoming shortage of capital, it has also stimulated economic growth through complementing domestic investment in China. Tuan et al. (2009) investigate the role inward FDI plays in the process of regional development and the channels through which economic growth would be affected by using city-level (cities in the Yangtze River Delta and the Pearl River Delta) panel dataset estimations for the period since China's economic opening and reform. While the study finds that FDI exerted spillover effects and affected TFP growth of the recipients, major technology and knowledge-related factors including R&D and human capital also played critical roles in TFP enhancement and regional growth. Whalley and Xin (2010) While empirical studies have found positive effects of inward FDI on host countries' economic growth, they also reveal that the strength of the positive effects of FDI on host countries' economic growth is dependent on the economic and technological conditions in host countries. For example, in an evaluation of the impact of FDI-induced technological change on growth in developing countries, Blomstrom et al. (1992) find that the positive and statistically significant impact of FDI is stronger the higher is the level of economic development in a host country. Borensztein et al. (1998) highlight the twin roles of the introduction of advanced technology and the degree of absorptive capability in the host country as determinants of economic growth. They find that FDI is more productive than domestic investment only when the host country has a minimum threshold stock of human capital. De Mello (1997) argues that an increase in the productivity of FDI can only be achieved if there is already a sufficiently high level of human capital in a recipient economy. In an investigation of the impact of FDI on local TFP, de Mello (1999) finds that FDI exerted a positive impact on TFP only for technological leaders, while a negative relationship arose between FDI and TFP for technological followers.
In the case of China, Wei (1996) finds statistical evidence that FDI is positively associated with cross-city differences in growth rates. In a study investigating provincial economic differences and the FDI-growth relationship in China, Buckley et al. (2002) find that the growth-promoting effects of FDI are evident in the developed rather than in the less-developed provinces and that the full benefits of FDI are realised when competition in local markets is at its strongest. Yao and Wei (2007) find that FDI has a positive and significant impact on China's economic growth both as a mover of production efficiency and as a shifter of the production frontier, and the positive impact of FDI on economic growth is larger in the east than in the central and western regions. Chen (2013) , using a panel dataset containing 30 Chinese provinces over the period [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] , finds that FDI has contributed to China's economic growth; however, the contribution is influenced by local economic and technological conditions. FDI has a stronger impact on economic growth through capital augmentation and technological progress in the eastern developed provinces than in the central and western, less-developed provinces. While FDI has a positive and significant impact on economic growth through knowledge spillovers in the eastern developed provinces, knowledge spillovers of FDI on economic growth are absent in the central and western, less-developed provinces.
The above findings provide empirical evidence and support that FDI brings into the host countries a package of resources that promotes economic growth. The findings also suggest that the way in which FDI affects economic growth depends on the economic and technological conditions in a host country. In other words, the economic and technological conditions of a recipient economy influence the extent to which FDI contributes to growth.
Systematic analysis on the mechanism through which FDI contributes to the economic growth process of a developing economy has not however, been well established and studied. In China, most previous studies only investigated the direct impact of FDI as a capital input to China's economic growth; the roles of FDI on economic growth from technological progress and spillover effects are overlooked. Although a few studies examined the spillover effects of FDI on economic growth, they failed to investigate the roles of FDI on economic growth through capital augmentation and technological progress. In addition, in the studies of the role of FDI on China's regional economic growth, most grouped the provinces and regions based on geographical location and administrative division, which overlooked the differences in economic and technological conditions between provinces. China is a large country with enormous contrasts in geographical and natural conditions between provinces, and also substantial differences in the degree of economic and technological development across provinces are manifested in per capita income, human capital, R&D capability and the level of infrastructure. These differences between provinces may influence the extent to which FDI contributes to local economic growth.
Therefore, in this chapter we would like to examine empirically the role of FDI on China's economic growth from three channels-capital augmentation, technological progress and spillover effects-with a particular emphasis on how the impact of FDI, especially the spillover effects of FDI, on economic growth are affected by regional differences in China at the provincial level.
Analytical framework and the empirical model
We estimate the impact of FDI on China's provincial economic growth by specifying an aggregate production function as follows (Equation 16 .1).
Equation 16.1
In Equation 16.1, Y it is the real gross domestic product (GDP) of province i in year t; A it is the TFP level of province i in year t; L it is the total labour input of province i in year t; DK it is the domestic capital stock of province i in year t; and FK it is the foreign capital stock of province i in year t.
In this specification, FDI is treated as a separate factor of capital input (FK) along with domestic capital input (DK) and labour input (L) in the aggregate production function.
Theoretically, because FDI brings into the host country a package of capital, technology, production knowhow, management skills, marketing skills and information, competition and so on (Caves 1996; Dunning 1993) , it is expected that FDI can increase the host country's economic growth by a number of means.
First, the inflows of FDI will increase demand for labour and create employment in a host country, especially in developing countries. The increase in employment will contribute to an increase in total output, thus leading to a movement of output to a higher level along the existing production function. This positive effect of FDI on output growth is the contribution of FDI through employment creation, which can be expressed as ∂Y/∂L FK > 0, implying that the higher the employment created by FDI, the higher is the output growth of a host economy.
Second, the inflows of FDI increase a host country's fixed capital formation. Through capital augmentation in a recipient economy, FDI is expected to be growth enhancing by encouraging the incorporation of new inputs and technologies into the production function, thus shifting the production function of a host country. This positive shifting effect of FDI is the contribution of FDI as a capital input to output growth, which can be expressed as ∂Y/∂FK > 0, implying that the higher the foreign capital input, the higher is the output growth of the host economy.
Third, FDI is believed to be a leading source of technology transfer and human capital augmentation in developing countries. Technological progress takes place through a process of capital deepening in the form of the introduction of new varieties of knowledge-based capital goods. It also proceeds via specific productivity-increasing labour training and skill acquisition promoted by MNEs. Therefore, FDI is expected to shift the production function of a host country over time as a result of technological progress. This positive shifting effect of FDI is the contribution of technology progress to output growth, which can be expressed as ∂Y/∂FK = f(t) > 0, implying that the marginal product of foreign capital is an increasing function of time.
Fourth, through the knowledge spillovers such as learning by doing or learning by watching (demonstration effects), R&D, human resource movement, training courses, vertical industrial linkages, technical assistance and exposure to fierce competition, FDI is expected to increase the productivity and efficiency of the local firms of a host country. As a result, through knowledge spillovers, FDI can shift the production function of a host economy to a higher level. This positive shifting effect of FDI is the spillover effect on the local economy, which can be expressed as ∂Y/∂SFK > 0, implying that the higher the presence of FDI, the higher are the spillover effects of FDI on local economic growth.
With the above propositions, the TFP, A it , can be defined as Equation 16.2.
Equation 16.2
In Equation 16.2, A it is the TFP level of province i in year t; B it is the residual TFP level of province i in year t; t is a time trend, which captures the Hicks-neutral technological progress in province i in the absence of FDI or foreign technology; t*FK it captures the additional technological progress that is attributed only to FDI; SFK it is the presence of FDI in province i in year t, which captures the spillover effects of FDI; Z is a set of other variables that can also improve productivity. One such variable is human capital (HK). It has been suggested in recent growth models as a determinant of growth (for example, Barro and Sala-i-Martin 1995; Levin and Raut 1997) . In particular, these models predict a positive impact of human capital on economic growth.
Incorporating Equation 16
.2 into the aggregate production function Equation 16.1, by taking the natural logarithm of the variables of labour (L), domestic capital (DK) and foreign capital (FK) in the production function, adding the variable of human capital (HK) to control the impact of human capital, and rearranging the items on the right-hand side, with the addition of a constant term (β 0 ) and an error term (ε it ), we obtain the empirical regression Equation 16.3.
Equation 16.3
LnY it = β 0 + β 1 LnL it + β 2 LnDK it + β 3 LnFK it + β 4 t + β 5 t*LnFK it + β 6 SFK it-1 + β 7 HK it + ε it In Equation 16.3, i (i = 1, 2, …, 30) and t (t = 1987, …, 2010) denote province i and year t; L and DK are labour and domestic capital stock; 2 FK is foreign capital stock, which captures the contribution of FDI to economic growth through capital augmentation; t is a time trend, which captures the Hicksneutral technological progress in the absence of FDI or foreign technology; the interaction term t*LnFK captures the additional technological progress to economic growth that is attributed only to FDI; SFK is the presence of FDI (share of foreign capital stock to total capital stock), which captures the spillover effects of FDI to economic growth through improving the productivity and efficiency of the local economy; and HK is human capital.
This empirical model allows us to test the impact of FDI on China's provincial economic growth in three respects. First, we can test the direct contribution of FDI to provincial economic growth. If the coefficient β 3 is positive and statistically significant then FDI has directly contributed to provincial economic growth through capital input. Second, we can test the effect of technological progress of FDI on provincial economic growth. If the coefficient β 5 is positive and statistically significant then there is evidence that FDI has contributed to provincial economic growth through technological progress. Third, we can test the spillover effects of FDI on provincial economic growth. If the coefficient β 6 is positive and statistically significant then there is evidence that FDI has generated positive spillover effects-for example, diffusion of technology and management skills to the local economy, thus promoting provincial economic growth.
Equation 16
.3 is the form of an augmented production function model that we will use to estimate the impact of FDI on China's provincial economic growth. The first part of the analysis is to examine the role of FDI on provincial economic growth through the three channels of capital augmentation, technological progress and spillover effects by using the full sample of China's 30 provinces. The second part of the analysis is to examine the impact of FDI on the economic growth of different provincial groups by using the sub-samples of province groups based on their economic and technological conditions in order to investigate whether local economic and technological conditions influence the extent to which FDI contributes to local economic growth. The following section will describe the variables and the data.
Variable specification and the data
The data for provincial gross domestic product (Y) and provincial total capital stock are from Wu (2009) . 3 Wu uses the conventional perpetual inventory method by employing the recently released national accounts figures to derive a capital stock series for China's 31 provinces and three economic sectors (that is, agriculture, manufacturing and services) for the period 1977-2010. This is one of the most comprehensive datasets of capital stock series for China's 31 provinces and three economic sectors.
The data for FDI stock (FK) are calculated in several steps. First, the US dollar value of annual FDI inflows is converted into renminbi value by using the annual average official exchange rate. Second, the renminbi value of annual FDI inflows is deflated into the real value at 1978 prices by using China's national consumer price index (CPI). Third, a 5 per cent depreciation rate is assumed for foreign capital (FDI). Finally, FDI stock is accumulated for each year end measured as billion renminbi at 1978 prices. The hypothesis is that provinces with a larger FDI stock will have higher expansion in production and higher technological progress over time, thus shifting the production frontier and accelerating provincial economic growth.
The domestic capital stock (DK) of each province is obtained by deducting the FDI stock (FK) from the total capital stock. Labour (L) is the total number of employed persons in each province measured as one million persons.
The presence of FDI is measured as the share of FDI stock in the total capital stock of a province (SFK) to capture the spillover effects of FDI on local economic growth. It is reasonable to assume that FDI inflows and spillover effects from FDI have a time lag, so the value of a one-year lag of SFK is used in the model. The use of the lagged value of SFK also can avoid the endogeneity problem in the regression. The hypothesis is that provinces with a higher share of FDI stock in total capital stock will have higher spillover effects from FDI to the local economy, thus increasing the productivity and efficiency of local firms and promoting provincial economic growth.
In this chapter human capital (HK) is measured as the ratio of the number of university students to the total population of each province. We expect the human capital to be positively related to the economic growth of the host province. The dependent and independent variables and the data sources are summarised in Table 16 .1. Same as above.
HK it Human capital of province i in year t measured as the ratio of the number of university students to total population. Per cent.
Same as above.
Source: Author's own description.
Regression results and explanations
The impact of FDI on economic growth: all provinces
The data used in the regression are a panel dataset at the provincial level, containing China's 30 provinces over the period 1987 to 2010. 4 We first conduct a Hausman test to choose between the random-effects model and the fixed-effects model for the regression. The Hausman test prefers the fixed-effects model. Therefore, we estimate Equation 16.3 under the fixed-effects model in order to eliminate the province-specific and time-invariant factors that may affect economic growth. For a robustness check, we also report the regression results under the random-effects model. The two models performed very well. All of the independent variables have the expected signs and are statistically significant at the 1 per cent level (except the variable of LnFK, which is statistically significant at the 10 per cent level in the fixed-effects model), and the models have high explanatory power. The regression results are reported in Table 16 .2.
The regression results show that labour input (L) and domestic capital stock (DK) are positive and statistically significant at the 1 per cent level, indicating the significant contributions of labour and domestic capital inputs to provincial economic growth.
For the variables of our main interest-LnFK, t*LnFK and SFK-the coefficients are positive and statistically significant in both regressions. These results provide strong support for the propositions discussed in section three. Source: Author's own estimations.
Note: t-statistics are in parentheses.
First, the variable of foreign capital stock (LnFK) is positive and statistically significant at the 10 per cent level in the fixed-effects model and at the 1 per cent level in the random-effects model, which provides support that FDI as a factor of capital input directly contributes to provincial economic growth. The estimation results imply that provinces with higher FDI inflows will have higher economic growth contributed directly by the increase in foreign capital input.
Second, the interaction term of a time trend and the FDI stock (t*LnFK) is positive and statistically significant at the 1 per cent level in both regressions, which supports the proposition that FDI shifts the domestic production frontier through technological progress. The regression results show that over time, FDI helps the domestic economy to move continuously onto a higher steady-state technology. This change in the domestic production frontier caused by FDI is an additional enforcement of the Hicks-neutral technological progress represented by the coefficient on a time trend (t), which is positive and statistically significant at the 1 per cent level in both regressions.
Third, the variable of the spillover effects of FDI-the share of FDI stock in total capital stock (SFK)-is positive and statistically significant at the 1 per cent level in both regressions. This is consistent with the hypothesis that FDI has positive spillover effects on provincial economic growth through improving the productivity and efficiency of the local economy. Thus, the regression results have provided strong empirical evidence to support the hypothesis that FDI inflows into China together with a package of knowledge-based firm-specific assets have produced positive spillover effects on China's provincial economic growth. The estimation results imply that provinces with a higher share of FDI stock in total capital stock will have higher spillover effects from FDI to the local economy, thus improving the productivity and efficiency of the local economy and raising provincial economic growth.
Finally, the variable of human capital (HK) is positive and statistically significant at the 1 per cent level in both models, which provides empirical evidence that human capital contributes to economic growth.
The impact of FDI on economic growth: by region
China is a large country with enormous contrasts in geographical and natural conditions between provinces, and also substantial differences in the degree of economic and technological development in terms of per capita income, human capital and R&D capability, and the level of infrastructure across provinces. While an overall positive impact of FDI on economic growth is revealed in the above empirical analysis, the large disparity in economic and technological conditions across provinces could mean that the impact of FDI on economic growth is different between regions. To investigate the impact of regional differences on the role of FDI in economic growth, we subdivide the full sample of 30 provinces into three pairs of mutually exclusive groups based on their economic, technological and infrastructure conditions-namely: 1) the high and low economic development province groups; 2) the high and low human capital and R&D capability province groups; and 3) the high and low level of infrastructure province groups.
The economic development level is a comprehensive economic and social indicator of a province. A higher economic development level not only indicates good overall economic performance but also implies higher productivity associated with higher labour quality, higher research and innovation capability, advanced technology and better conditions of local infrastructure. In this chapter, we use per capita GDP as a proxy for the provincial economic development level. Provinces with per capita GDP above the national average are classified as the high-income provinces; otherwise they are classified as the lowincome provinces. We expect that FDI will have a higher impact on economic growth in the high-income provinces than in the low-income provinces.
Studies of FDI and economic growth postulate a positive link between FDI and human capital and R&D capability, since the application of the advanced technology embodied in FDI requires a sufficient level of human capital and R&D capability in host countries. Therefore, the level of human capital and R&D capability not only indicates the ability of scientific and technological innovation and progress of an economy, but also reveals the absorptive capability of the host economy. We assume that economies with a higher level of human capital and R&D capability will find it much easier to absorb advanced technology and management skills from MNEs and will facilitate and enhance the diffusion of spillovers from FDI to the local economy, thus increasing economic growth. In this chapter human capital is measured as the ratio of the number of university students to the total population of each province, and the number of patent applications per 10 000 persons is used as a proxy for the level of R&D capability of host provinces. Provinces are classified as high human capital and R&D capability provinces if the ratio of the number of university students to the total population and the number of patent applications per 10 000 persons are above the national average; otherwise they are classified as low human capital and R&D capability provinces. We expect the impact of FDI, in particular the spillover effects of FDI, on economic growth will be stronger in the high human capital and R&D capability provinces than in the low human capital and R&D capability provinces.
The level of infrastructure in each province might be another important factor influencing the impact of FDI on local economic growth. We assume that better infrastructure not only is essential for FDI to be more productive but also can facilitate the diffusion of spillovers from FDI to the local economy. In this chapter two measures are used as the proxy of the level of infrastructure of a host province. One is the intensity of transport infrastructure and another is the level of telecommunications. The measure of the intensity of transport infrastructure is the ratio of the sum of the length of highways, railways and interior transport waterways divided by the size of the corresponding host province. The unit of the intensity of transport infrastructure is kilometres per 100 sq km of the host province's land area. The measure of the level of telecommunications is the number of telephone sets per 100 persons in each province. Provinces are classified as high-level infrastructure provinces if the intensity of transport infrastructure and the number of telephone sets per 100 persons are above the national average; otherwise they are classified as low-level infrastructure provinces. We expect that provinces with a high level of infrastructure will facilitate the diffusion of spillovers from FDI to the local economy.
For simplicity, we call the provinces with high per capita GDP, high-level human capital and R&D capability, and high-level infrastructure the developed province groups, while the provinces with low per capita GDP, low-level human capital and R&D capability, and low-level infrastructure the less-developed province groups. Table 16 .3 presents the average value of the basic economic development indicators discussed above. From the table we can see there are large differences between the developed provinces and the less-developed provinces in terms of per capita GDP, human capital and R&D capability, and infrastructure conditions. These provincial differences are expected to play important roles in influencing the impact of FDI on provincial economic growth. We also use Equation 16.3 to conduct the empirical analysis. To eliminate the province-specific and time-invariant factors that may affect economic growth, we run the regressions under a fixed-effects model with panel data. The fixedeffects regression results for the three pairs of province groups are reported in Table 16 .4.
The regression results reveal a number of interesting findings. First, the variable of LnFK is positive and statistically significant at the 1 and 5 per cent levels in all regressions, which signifies the significant contribution of FDI to economic growth through capital augmentation.
Second, the variable of t*LnFK is positive and statistically significant at the 1 and 5 per cent levels in all regressions. This implies that FDI shifts the domestic production frontier through technological progress over time.
Third, the variable of SFK is positive and statistically significant at the 1 per cent level for the developed province groups, but is negative for the lessdeveloped province groups. This implies that local economic and technological conditions affect the diffusion of knowledge spillovers from FDI to the local economy. This finding is consistent with those of Borensztein et al. (1998 ), de Mello (1997 , 1999 and Tuan et al. (2009) . Fourth, the regression results provide strong empirical evidence that FDI not only directly contributes to economic growth through capital augmentation and technological progress, but also indirectly contributes to economic growth through knowledge spillovers on the local economy in the developed provinces. While the regression results also suggest that FDI can contribute to economic growth through capital augmentation and technological progress in the lessdeveloped provinces, FDI may not improve the productivity and efficiency of the local economy through knowledge spillovers in the less-developed provinces. This finding has important policy implications for regional economic development.
Fifth, comparing the province groups with high per capita GDP and highlevel infrastructure with the province groups with low per capita GDP and lowlevel infrastructure, although FDI has a positive and statistically significant impact on economic growth through capital augmentation and technological progress in all groups, the regression results do show that the coefficients of the variables of LnFK and t*LnFK are higher in the province groups with high per capita GDP and high-level infrastructure than those with low per capita GDP and low-level infrastructure respectively. This implies that FDI has a larger impact on shifting the local production frontier to accelerate economic growth in the developed provinces than in the less-developed provinces.
Finally, there is significant difference between the developed province groups and the less-developed province groups in the values of estimated labour (L) and domestic capital (DK) elasticities. At the national level, there is no significant difference between labour elasticity and domestic capital elasticity. In the developed province groups, variables of both labour and domestic capital are positive and statistically significant; however, labour elasticity is around two to three times domestic capital elasticity, implying that the marginal product of labour is not only much higher than that of the marginal product of domestic capital in the developed province groups but also substantially more than that in the rest of the country. This also suggests that labour may be a constraint on economic growth in the developed provinces. In contrast, in the less-developed province groups, the variable of domestic capital is positive and statistically significant but the variable of labour is statistically insignificant. This implies that the marginal product of domestic capital is much higher than that of labour due to the relative abundance of labour supply and scarcity of capital in the less-developed provinces.
Referring to the differences in economic and technological conditions between the developed province groups and the less-developed province groups and the regression results, we may argue that, given the level of FDI stock, provinces with a higher level of economic development (per capita GDP), higher level of human capital and R&D capability and higher level of infrastructure will facilitate and enhance the role of FDI to local economic growth through capital augmentation, technological progress and spillover effects. Thus, this chapter also provides empirical evidence to suggest that local economic and technology conditions, especially local absorptive capability, play important roles in determining the impact of FDI on economic growth and in influencing the diffusion of knowledge spillovers from FDI to the local economy.
Conclusion
The main purpose of this chapter is to investigate empirically the contribution of FDI to China's economic growth through the channels of capital augmentation, technological progress and spillover effects, with a particular emphasis on how the role of FDI on economic growth is affected by regional differences in China at the provincial level. Based on theoretical foundations, an augmented empirical growth model is specified, and a panel dataset containing China's 30 provinces over the period from 1987 to 2010 is used under the panel regression models. The chapter has provided the following main findings.
First, the regression results of all provinces provide strong evidence that FDI contributes to China's economic growth both directly through capital augmentation and technological progress and indirectly through spillover effects on the local economy. This implies that provinces with higher FDI inflows, higher foreign capital stock and a higher share of FDI stock in total capital stock have higher economic growth contributed directly by the increase in foreign capital input associated with technological progress and indirectly by the diffusion of knowledge spillovers from FDI to the local economy.
Second, the impact of FDI on economic growth is different between province groups with different economic and technological conditions. The regression results show that the contributions of FDI to economic growth are higher in the developed provinces than those in the less-developed provinces. In the developed provinces, FDI not only directly contributes to economic growth through capital augmentation and technological progress but also indirectly contributes to economic growth through spillover effects. In contrast, in the lessdeveloped provinces, FDI is found to contribute to economic growth through capital augmentation but is not found to improve the productivity and efficiency of the local economy due to the lack of knowledge spillovers. Referring to the difference in economic and technological conditions between the developed and less-developed province groups and the regression results, this finding provides empirical evidence to suggest that local economic and technological conditions, especially local absorptive capability, do matter in influencing the diffusion of knowledge spillovers from FDI to the local economy.
Third, the provincial difference in the role of FDI on economic growth deserves attention for both policymaking and academic research. The real problem is not that FDI causes the widening gap between the developed provinces and the less-developed provinces, but that FDI has played a much larger and more significant role in the former than in the latter. As a result, policy should be designed to encourage FDI flows into the less-developed provinces. To achieve the full potential of FDI, conditions have to be created, such as investment in education and infrastructure; but other policies such as inter-regional migration and cross-regional investments are also important in reducing regional disparity in income and production.
Finally, the chapter finds that although the empirical regression results show a positive and statistically significant impact of FDI on economic growth, the magnitude of the contribution from the technological progress and spillover effects of FDI to China's economic growth was still very small. This implies that China still has a lot of benefits to gain from FDI. Therefore, apart from improving local economic and technological conditions to attract more FDI inflows, China should encourage contact, information exchange, production and technological cooperation, joint R&D activities, industrial linkages and competition between domestic firms and FDI firms, in order to enhance and accelerate the technological progress and the diffusion of positive spillovers from FDI to China's economy.
